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DOI 10.1016/j.neuron.2007.01.024We recently established that neprilysin
(NEP), one of the putative amyloid
b-peptide (Ab)-degrading enzymes,
is transcriptionally upregulated by
AICDs, the C-terminal fragments of
the b-amyloid precursor protein
(bAPP/APLP) that are generated by
presenilin (PS)-dependent g- and 3-
secretase activities (Pardossi-Piquard
et al., 2005). Chen and Selkoe now re-
port lack of evidence of NEP upregula-
tion by PS-dependent g-secretase. To
explore the reasons for this difference,
we have repeated several experi-
ments, conducted new experiments,
and carefully examined the data pre-
sented by Chen and Selkoe. These
analyses reveal that (1) there is signifi-
cant consensus in key experimental
data; (2) several of Chen and Selkoe’s
negative conclusions are overreach-
ing, arising from a crucial conceptual
error on their part; and (3) there is com-
pelling, independent data from experi-
ments in nicastrin null cells and in brainfrom transgenic mice overexpressing
AICD that support the notion that pre-
senilin complexes and AICD modulate
inducible NEP expression.
Results and Discussion
There is consensus on several impor-
tant points. Both groups find that NEP
expression is dramatically reduced in
PS1/:PS2/ double-knockout
mouse embryonic fibroblasts (MEFs)
(Figures 1D and 1E in Pardossi-Pi-
quard et al., 2005; Figures 1A and 1B
in this paper; Figure 1C in Chen and
Selkoe, 2007). Both groups find mod-
est reductions (%25%) in NEP expres-
sion in PS1/:PS2/ double-knock-
out BD8 blastocyst cells (Figures 1F
and 1G in Pardossi-Piquard et al.,
2005; Figure 1A in Chen and Selkoe,
2007). Both groups observe either
modest or no consistent change in
NEP expression in single-knockout
PS1/, PS2/, APP/, and APLP-
2/ MEFs (Figures 3C and 6C inNeuron 53, FePardossi-Piquard et al., 2005; Figures
1A and 1B in this paper; Figures 1C
and 4C in Chen and Selkoe, 2007).
Repetition of several of our experi-
ments using different MEF cell lines
and different anti-NEP antibodies re-
veals that the results are unchanged
(Figures 1A and 1B). This argues
against an artifact arising from labora-
tory error or from differences in clones.
We have also pursued additional
experiments, both of which strongly
support the validity of our initial report.
First, we investigated NEP activity,
protein, and mRNA levels in nicastrin
knockout MEFs (NCT/), which do
not form functional presenilin com-
plexes and which have no g-secretase
activity (Yu et al., 2000). NEP expres-
sion, NEP activity, and NEP mRNA
levels were all dramatically reduced
in nicastrin knockout MEFs (NCT/)
(Pardossi-Piquard et al., 2006) (Fig-
ure 1C). However, NEP expression is
restored in these NCT/ MEFs bybruary 15, 2007 ª2007 Elsevier Inc. 483
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cDNA (Figure 1C). This ef-
fect was specific because
NCT cDNAs do not restore
NEP expression in PS/ fi-
broblasts (Figure 1C). These
data are fully consistent
with the in vitro data from
both our group and from
Chen and Selkoe, which
show downregulation of
NEP in g-secretase-defec-
tive PS1/:PS2/ double-
knockout MEF cells.
Second, we examined
NEP expression in the brain
of transgenic mice overex-
pressing Fe65 and AICD
(Ryan and Pimplikar, 2005).
AICD:Fe65 double-trans-
genic mice displayed en-
hanced cerebral expression
of NEP compared to Fe65
single-transgenic mice (Fig-
ure 2). These data therefore
reinforce our conclusion
that NEP can be transcriptionally con-
trolled by AICDs generated by g-sec-
retase-cleavage of bAPP and its family
members (i.e., APLPs).
Taken together, the experimental
data described above and our prior
observations (several components of
which are congruent with those of
Chen and Selkoe) support the conclu-
sion that functional presenilin/g-secre-
tase complexes mediate inducible
NEP expression via AICDs. However,
inspection of the experimental as-
sumptions and the experimental de-
sign used by Chen and Selkoe reveals
several explanations for their different
interpretation of similar experimental
data.
First, Chen and Selkoe have made
a fundamental andcritic conceptual er-
ror. They failed to take into account the
fact that inducible NEP expression is
modulated by AICD products that are
derived by a highly redundant system
(Pardossi-Piquard et al., 2005). Thus,
AICDs can be generated from either
APP or the APLP homologs. g-secre-
tase activity is mediated by either PS1
or PS2. Recognition of the simulta-
neous redundancy in the presenilins
and in AICD signaling is critical to the
correct interpretation of experiments
in single-knockout cells (PS1/ or
PS2/ or APP/ or APLP-2/ only)
versus double-knockout cells (PS1/:
PS2/ or APP/:APLP-2/). Thus,
Chen and Selkoe point out that PS1/
fibroblasts did not mimic the reduc-
tion of NEP in PS1/:PS2/ cells
(Figure 1C, lanes 4–6 versus 10–12 of
Chen and Selkoe, 2007) and that this
constitutes evidence that NEP expres-
sion is not modulated by PS1. The
observation itself is not in doubt. Our
data also show that NEP expression
is not altered in PS1/-only MEFs
(Figure 3C in Pardossi-Piquard et al.,
2005). However, the conclusion that
NEP expression is not modulated by
PS1 is overreaching and incorrect
because it makes the assumption that
the residual PS2 has no activity. While
PS1 may be ‘‘dominant’’ over PS2
for the g-secretase cleavage of APP,
it overlooks the fact that inducible
NEP expression is also regulated by
g- and 3-cleavage of APLPs. There
are no data to show that PS1 and PS2
differ in terms of g- and 3-cleavage of
APLPs.
The same conceptual error afflicts
the interpretation of Chen and Sel-
koe’s results for APP/ and APLP/
single-knockout mice. In these sin-
gle-knockout tissues, the
failure to observe a change
in NEP levels is more parsi-
moniously explained by re-
dundant and persistent PS-
signaling via AICDs from
the other APP/APLP family
members. Indeed, although
we reported an 25% de-
crease in NEP expression
in APP/ or APLP-2/ sin-
gle-knockout MEFs, as
would be expected, major
reductions in NEP expres-
sion were only seen in
our original report in
APP/:APLP-2/ double-
knockout MEFs (Figures 6C
and 6D in Pardossi-
Piquard et al., 2005).
A second source of differ-
ences in interpretation de-
rives from the cell lines cho-
sen by Chen and Selkoe for
their work. They have based
much of their work on blas-
tocyst-derived cells. We deliberately
chose not to use BD8 cells as our
main cell system for two reasons. First,
the data from both groups clearly
show that (1) blastocyst-derived cells
(including both wild-type PBD8 cells
and PS1/:PS2/ double-knockout
BD8 cells) have high constitutive levels
of NEP expression and (2) there is only
a minimal but consistent reduction
(<25%) in inducible expression
in PS1/:PS2/ double-knockout
BD8 cells (Figures 1F and 1G of
Pardossi-Piquard et al., 2005; Figure 1A
of Chen and Selkoe, 2007). The small
proportion of NEP that is PS inducible
and the high level of constitutive NEP
expression clearly make it difficult to
reliably detect small (<25%) changes
in inducible NEP expression. The sec-
ond reason that we chose not to use
PBD8 and BD8 is that they have poor
and variable transfection efficiencies.
Inspection of Figure 1B from Chen
and Selkoe reveals clear evidence of
such variability in BD8 cells. This trans-
fection variability has significant ef-
fects on PS1 expression and g-secre-
tase complex formation. For instance,
in lanes 8–9 in Figure 1B, which are la-
beled as BD8 cells transfected with
both PS1 and PS2 cDNA, there is in
Figure 1. NEP Expression in HEK293 Cells (293), Wild-Type
(PS+/+), and PS-Deficient (PS/) and NCT-Deficient Murine
Embryonic Fibroblasts
(A) Comparison of NEP in indicated cell lines byWestern blot bymeans
of twomonoclonal antibodies, 56C6 (Chen and Selkoe) and 18B5 (Par-
dossi-Piquard et al., 2005). (B) The same differences in neprilysin ex-
pression were robustly observed in homogenates from wild-type or
PS-deficient fibroblasts, regardless of the detergent used. (C) Wild-
type MEFs with intact presenilin complexes (i.e., NCT+/+ or PS+/+)
have abundant NEP expression and activity. PS/ and NCT/
knockout MEFs both lacking functional presenilin complexes and
lacking g-secretase activity have only low levels of constitutive NEP
expression and activity. However, transfection with V5-tagged NCT
cDNA allows selective recovery of NEP expression and activity in
NCT/ but not in PS/MEFs. Error bars showmeans ± SEM of three
to five experiments.484 Neuron 53, February 15, 2007 ª2007 Elsevier Inc.
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expression, (2) only a very
small percentage of nicas-
trin in maturely glycosylated
forms (a marker of incorpo-
ration into mature functional
PS complexes), and (3) only
minimal decrease in
APP-CTFs, which repre-
sents at best a 30% reduc-
tion from baseline and is
not better than PS2 comple-
mentation alone (N.B. PS2
does not normally fully com-
plements APP processing in
PS1 deficiency). The impor-
tant issue here, however, is
not the PS1 and PS2 levels
but whether biologically ef-
fective g-secretase activity
has been restored in rele-
vant subcellular compart-
ments by their transfection.
It is apparent from both the
minimal levels of maturely
glycosylated NCT and the
small reduction in APP-CTF
levels in lanes 4–9 of Figure 1B of
Chen and Selkoe that g-secretase ac-
tivity has been only poorly restored in
these transfected BD8 cells. This fail-
ure to robustly restore g-secretase ac-
tivity severely limits the negative con-
clusions that can be safely drawn
fromBD8 cells. Despite these two con-
founders, Chen and Selkoe derive
much of their data and conclusions
from BD8 blastocyst-derived cells.
A third source of concern relates to
the magnitude of the change in PS-
dependent signaling that is necessary
to produce a discernable change in
inducible NEP expression. Because
the threshold for induction of NEP is
unknown (and is likely cell-type spe-
cific), reasonable grounds for rejection
of the hypothesis that PS-dependent
signaling modulates inducible NEP
expression would be the demonstra-
tion of no change in NEP expression
following unambiguous changes in
PS-dependent signaling. Many of the
PS-complementation and g-secretase
inhibitor studies in Chen and Selkoe do
not achieve robust changes in PS-
dependent signaling. For instance,
high expression of PS1 in PS1/:
PS2/ BD8 cells in Figure 1B of
Chen and Selkoe or in PS1/:PS2/
MEFs in their Figure 1D caused (1)
only minimal induction of maturely
glycosylated nicastrin and (2) onlymin-
imal reduction in APP-CTFs (<30% re-
duction) compared to untransfected
PS1/:PS2/ cells. It is unclear that
significant amounts of g/3-secretase
activity were restored to biologically
relevant compartments in these
knockout cells. Similar concerns arise
about many of their g-secretase inhib-
itor studies (Figure 2A and Figure S2 of
Chen and Selkoe, 2007). In many of
these studies, the post-dose accumu-
lation of APP-CTF (a marker of the effi-
ciency of g-secretase activity) is at
best minimal. The same argument
also pertains to the AICD transfection
studies (Figures 3A and 3B of Chen
and Selkoe), where AICD is at trace
levels in most cells, even when triple
transfected with Fe65+Tip60+AICD.
There are, however, two figures
from Chen and Selkoe that might, at
first pass, be taken to support their
interpretation. Figure 2C of Chen and
Selkoe appears to show no decrease
in NEP levels in MEF cells treated
with the g-secretase inhibitor DAPT,
despite a robust increase in APP-
CTFs. However, closer in-
spection reveals that this
experiment is seriously
flawed and is uninterpret-
able without additional con-
trols. Specifically, the un-
treated neprilysin knockout
MEFs show APP-CTFs
levels that are identical to
those in MEFs treated with
g-secretase inhibitors (com-
pare Chen and Selkoe,
2007: Figure 2C, lane 13
versus lanes 7–12). This
makes little sense and
throws into question the
design of this experiment,
raising the possibility that
DMSO treatment of the
‘‘control’’ MEFs (Chen and
Selkoe, 2007: Figure 2C,
lanes 1–6) has had some
complex toxic effect. Even
if one disregards this, since
the amount of DAPT used
by Chen and Selkoe is low
(500 nM versus 2 mM in our
study), it is far from clear that this
experiment will have significantly
affected 3-cleavage-dependent pro-
duction of AICDs. Data on AICD levels
were not shown.
Similar technical concerns pertain to
Figure 3C of Chen and Selkoe, which
appears to show robust expression of
AICD (C60) in HEK293T cells triple
transfected with AICD/C60, Fe65, and
Tip60 (Chen and Selkoe, 2007):
Figure 3C, lanes 11 and 12). However,
the identity of this band is unclear.
Close inspection of the AICD Western
blot in Figure 3C reveals an AICD/C60
immunoreactive band pattern that is
very different from the AICD/C60 pat-
tern observed with the same antibody
in their other figures (Figures 2A, 3A,
and 3B of Chen and Selkoe). The latter
figures all show a dark invariant band
and a light AICD band beneath it.
Even if this concern is dismissed,
Chen and Selkoe have not proven
that the highly labile AICD transfected
into these cellswasdelivered to the nu-
cleus. Without this positive control, it is
premature to conclude that transfec-
tion of cells with AICD had no effect
on NEP transcription. By contrast, we
clearly showed that transcriptional
Figure 2. NEP Expression Is Increased in Fe65/AICD
Transgenic Mice Brains
Expression of NEP (A), Fe65 (A), and AICD (B) were analyzed as de-
scribed in the Supplemental Data in single (Fe65) or doubly transgenic
(Fe65/AICD) mice brains.Neuron 53, February 15, 2007 ª2007 Elsevier Inc. 485
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by nuclear AICD immunoreactivity in
AICD-transfected cells (Figure 5D in
Pardossi-Piquard et al., 2005).
In their final paragraph, Chen and
Selkoe argue on theoretical grounds
that PS-dependent induction of NEP
via AICD is improbable because nepri-
lysin degrades other biologically active
peptides, because AICD is also a prod-
uct of non-Ab-generating proteolysis
of APP, and because there is unlikely
to have been evolutionary pressure
for the development of a specific
mechanism just to upregulate Ab deg-
radation by NEP. None of these theo-
logical arguments compellingly dis-
miss the biological evidence that
AICDs, generated by PS-dependent
g-secretase activity, do in fact modu-
late NEP transcription in some cells.
Without knowing the functions of
APP/APLP and of their ligands, and
without knowing the identity of the
downstream targets of AICD and Ab,486 Neuron 53, February 15, 2007 ª2007it is difficult to know what underlying
biological purpose was originally in-
tended in evolution for this pathway.
However, the rather narrow Ab/APP-
centered interpretation proposed by
Chen and Selkoe seems unnecessary.
It is more probable that AICD-medi-
ated upregulation of NEP is designed
to allow proteolytic regulation of a vari-
ety of biologically active peptides, in-
cluding Ab.
On balance, therefore, given the
persistence of experimental support
both in vitro (recovery of reduced
NEP expression in NCT/ cells by
transfection with NCT) and in vivo
(higher NEP levels in brain tissue from
mice overexpressing AICD), our inter-
pretation remains that many, but per-
haps not all, cells show PS-dependent
inducible NEP expression.
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